Abstract: Electron back-scattered diffraction (EBSD) maps and crystal-preferred orientation (CPO) of eclogite-facies (omphacite and garnet) and amphibolite-facies (hornblende and actinolite) phases are reported for understanding the rheological behaviour of crust during subduction. Two types of eclogites from the subduction-related high-pressure/low-temperature type Sanbagawa metamorphic belt, Japan, have been investigated. Type-I eclogite (sample Sb-1) is composed of garnet, omphacite, secondary actinolite and hornblende. Type-II eclogite (samples Sb-2 and Sb-2a) are mainly composed of omphacite, garnet, and retrograde hornblende with no actinolite. Omphacite, the peak eclogite-facies phase, exhibits L-type CPO (maximum density of [001] axes parallel to and high density of {110} poles normal to the lineation) in Type-I eclogite, suggesting intra-crystalline plasticity with [001] {110} and 〈110i{110} active slip systems, indicating a constrictive strain regime at mantle depths. Omphacite in Type-II eclogite exhibits a similar fabric but with much weaker CPO. Using the LS-index symmetry analysis (one for the end-member L-type, zero for the end-member S-type, and intermediate values for LS-types), a progressive change in LS index of 0.80 for Type-I and 0.61 to 0.44 for Type-II eclogites is observed. These values suggest a transition from axial extension parallel to the lineation for Sb-1 and weaker CPO associated with pure or simple shear for Sb-2 and Sb-2a. Garnet, the second dominant phase in the eclogite-facies stage, exhibits weak and complex fabric patterns in all eclogite types, behaved like rigid bodies and does not show plastic deformation. Amphibolite-facies phases (e.g., hornblende and actinolite) exhibit more than two types of CPO. Hornblende and actinolite in Type-I eclogite have a strong CPO along [001] axes aligned parallel to the lineation, indicating homotactic crystal growth probably by the replacement of omphacite during the early stages of retrogression. Type-II eclogites have weak CPO in hornblende but with characteristic alignment of [001] parallel to the lineation and other poles to planes (100), (010), and {110} normal to the lineation. This fabric might have resulted from a cataclastic deformation and could be related to the late-"D1" deformation stage in the Sanbagawa metamorphic belt.
Introduction
Eclogites, rocks now exposed at the Earth's surface, are generally interpreted as remnant mafic parts of the oceanic and/or continental crust which have once been subducted to upper mantle depths, underwent high-and ultrahighpressure (HP/UHP) metamorphism, and were exhumed to the Earth's surface without significant retrogression (e.g., Helmstaedt et al., 1972; MacGregor & Manton, 1986) . Garnet and clinopyroxene (mainly omphacite) are the two major minerals, which are volumetrically important for constraining the rheology of the bulk Earth. Garnet, the main constituent of eclogite at the base of continental crust, within subducted slabs and in the mantle (in peridotites and as majoritic garnet), is a key metamorphic mineral for constraining the rheology of crust and mantle (e.g., Karato et al., 1995; Mainprice et al., 2004; Storey & Prior, 2005) . In addition, garnet may behave as rigid bodies in the presence of omphacite, the second most abundant mineral in eclogites. In such cases, plastic deformation in eclogites would be accommodated in omphacite, which is a framework-supporting mineral in medium-and high-temperature eclogites at ca. 500-750°C, >1.5 GPa (van Roermund, 1983; Godard & van Roermund, 1995; Abalos, 1997) . Therefore, the fabric of omphacite is widely used to determine rheological behaviour of the eclogites during HP metamorphism. Plastic deformation of rocks is often recorded by the development of crystal-preferred orientation (CPO) in their constituent minerals (Nicolas & Poirier, 1976; Bascou et al., 2002) . The CPO symmetry patterns in low-symmetry minerals tend to coincide with the active slip direction and planes (e.g., Mainprice & Nicolas, 1989 ; Mainprice et al., 2011) .
The characteristic CPOs of omphacite are: (1) S-type (flattening fabric); (2) L-type (constriction fabric); (3) annealed fabric; (4) composite fabrics; and (5) misoriented fabrics (e.g., Helmstaedt et al., 1972; Godard & van Roermund, 1995; Abalos, 1997) . The most common and earlier interpretation of the omphacite CPO ( Fig. 1 : typical omphacite CPO) in eclogites was correlated with the flattening (planar: S-type) and constriction (linear: L-type) fabrics (Helmstaedt et al., 1972) . The S-type fabrics are marked by a strong concentration of [010] axes normal to the foliation (Z) and [001] axes by a great-circle girdle perpendicular to [010] (e.g., Godard & van Roermund, 1995; Abalos, 1997; Bascou et al., 2001 Bascou et al., , 2002 . The L-type fabrics have a relatively strong [001]-axes maximum parallel to lineation (X) and [010] axes form a girdle perpendicular to X (Helmstaedt et al., 1972) . Literature data indicate that multiple dislocation-slip systems, grain-boundary migration, and mass-transfer are the main microstructural processes that control the development of CPO in omphacite (e.g., van Roermund, 1983; Abalos, 1997) . Later studies indicated that CPOs in omphacite are due to the dominant dislocation creep, which generally activates 1/2〈110i{110}, [001]{110} and [001] (100) slip systems (e.g., van Roermund & Boland, 1981; Godard & van Roermund, 1995) . Most studies report pole figures with [001] parallel to the lineation and the (010) pole normal to the foliation (e.g., Wang et al., 2010; Cao et al., 2013) , interpreted as [001] (010) slip. However it has been established by Bascou et al. (2001 Bascou et al. ( , 2002 and Ulrich & Mainprice (2005) , using viscoplastic self-consistent (VPSC) modelling, that pole figures with [001] axes parallel to the lineation and the (010) pole normal to the foliation can be perfectly reproduced using the experimentally determined slip systems 1/2〈110i{110}, [001]{110}, and [001](100) or observed by the transmission electron microscope (van Roermund & Boland, 1981; van Roermund, 1983) . We investigated eclogite-facies and amphibolite-facies minerals in naturally deformed eclogites from the Sanbagawa metamorphic belt, central Shikoku, SW Japan, to identify the types of fabrics and tried to correlate the rheological behaviour of these rocks with the subduction-related HP/LT (low-temperature) and post-eclogite-facies regional metamorphism.
Geological setting
The Sanbagawa belt extends for >800 km along southwest Japan (Fig. 2) . It is bounded to the north by the Ryoke belt (a Cretaceous HT/LP regional metamorphic belt) along a major strike-slip fault known as the Median Tectonic Line (Isozaki & Maruyama, 1991; Maruyama et al., 1996) and forms the well-known paired metamorphic belts of Miyashiro (1961) . In the south, it is bounded by the Chichibu (a Jurassic accretionary complex) and the Shimanto (a Cretaceous accretionary complex) belts. Its metamorphism is characterized by the HP/LT intermediate grade.
The belt is mainly composed of basic, quartzose, and pelitic-psammitic schists with several eclogite and ultramafic bodies (Hide, 1961; Banno, 1964; Banno et al., 1978; Enami, 1982; Takasu, 1989; Aoya, 2001; Terabayashi et al., 2005) . The mafic unit, known as the Iratsu mass (subdivided into Lower and Upper Iratsu mass), generally shows epidote-amphibolite-facies grade, with locally preserved eclogite lenses or layers (Fig. 2) . To the south, ultramafic rocks of the Higashi-Akaishi mass are tectonically juxtaposed with the Iratsu mass (Terabayashi et al., 2005) . The protolith of eclogites, ultramafic rocks, and surrounding schists were considered as accreted materials from an oceanic domain including pillow basalts (e.g., Terabayashi et al., 2005) . Utsunomiya et al. (2011) interpreted eclogites with lower SiO 2 contents (45-49 wt.%) to have formed from an oceanic island arc source, and those with relatively higher SiO 2 contents (53-65 wt.%) to have been derived from a silica-rich residual liquid when the Highashi-Akaishi mass was formed. However, the deformation regimes in which the rocks formed and later evolved are not well constrained.
Deformation events in the Sanbagawa belt
Three major regional deformation events have been recognized in the Sanbagawa metamorphic belt (Hara et al., 1977; Faure, 1983) : D1, represented by bedding schistosity and E-W trending horizontal stretching mineral lineation, associated with late retrogression stage (Hara et al., 1992; Wallis, 1995) ; D2, the Ozu-Nagahama phase (Hara et al., 1977) , represented by S-verging overturned Abalos, 1997) . Structural coordinates of X, Y and Z represent lineation, foliation and normal to the foliation, respectively. Horizontal line across the circle is along structural X.
folds and thrust faults; and D3, the Hajikawa phase (Hara et al., 1977) , represented by outcrop-scale upright open folds with E-W trending horizontal axes. Terabayashi et al. (2005) , based on detailed mapping, suggested a duplex structure for the Sanbagawa belt where eclogites and metagabbro-peridotites occur in the form of lenses or layers within the pelitic schists. The deformation history explained above mainly describes late-stage events in the Sanbagawa area and no study has addressed deformation within and/or during peak eclogite-facies metamorphism. Our study provides constraints on the rheology at the eclogite-facies stage in the subduction-related HP/LT environment.
Sample description and petrographic features
Eclogites in the study area have been subdivided into two types based on field observations, petrographic features, and chemical composition. Type-I eclogite is dark green, contains abundant mafic minerals (omphacite and hornblende) and was named by Banno (1964) as "hornblendeeclogite". Type-II eclogite is light green with silica-rich portions and was named "quartz-bearing eclogite".Three samples, one from Type-I and two from Type-II eclogite, were selected for this study. Sample Sb-1 (Type I) was collected from the Lower Iratsu mass, west of Gongen Yama (33°52 0 47 00 N, 133°23 0 26 00 E, see Fig. 2 for location) and Samples Sb-2 and Sb-2a (Type II) were collected further southwest (33°52 0 40 00 N, 133°23 0 21 00 E, Fig. 2 ).
4.1. Sample Sb-1 (Type-I eclogite)
Sample Sb-1 is dark green (Fig. 3a-c) and composed of omphacite, garnet, hornblende, actinolite, rare epidote, minor quartz, muscovite, and accessory rutile and titanite. Garnet (43 vol%) and omphacite (35 vol%) make the major framework of this rock (Table 1 ). This type of eclogite exhibits a granoblastic texture in which mediumgrained garnet is embedded in clustered omphacite grains Fig. 3b and c ). An apparent foliation, defined by omphacite shape-preferred orientation of long axes, can be observed (Fig. 3c) . Some of the grains have no retrogression whereas others are transformed in places to hornblende (5 vol%) and actinolite (7 vol%). Garnet porphyroblasts, ranging in size from 0.2 to 1 mm, have numerous cracks where secondary hornblende, epidote and chlorite have developed. Hornblende and actinolite form composite grains that surround most of the garnet grains.
Sample Sb-2 (Type-II eclogite)
Sample Sb-2 is light green (Fig. 3d-f ) and composed of omphacite (41 vol%), garnet (37 vol%), secondary hornblende (11 vol%), epidote (2 vol%), quartz, muscovite, and accessory rutile and titanite. Garnet porphyroblasts have identical features to those observed in Sb-1, but most of the porphyroblasts are heavily fractured and display pull-apart structures ( Fig. 3e and f) . Omphacite occurs in two forms, oblate to sub-rounded porphyroblasts forming the major framework and as fine-grained matrix surrounding the porphyroblastic garnet and granoblastic omphacite. Hornblende occurs as surrounded grains around omphacite and garnet, and some grains fill the cracks.
Sample Sb-2a (Type-II eclogite)
Sample Sb-2a is composed of omphacite (42 vol%), garnet (38 vol%), secondary hornblende (10 vol%) and epidote (<2 vol%), less common quartz and muscovite with accessory rutile and titanite. This sample is identical petrographically to Sb-2.
Pressure-temperature conditions
The P-T estimates obtained from the garnetclinopyroxene thermometer for Type-I eclogite were 1.4-2.5 GPa and 500-770°C (Ota et al., 2004) . For Type-II eclogite conditions of up to 3.2 GPa and 920°C were proposed by Enami & Miyamoto (2001) . Ota et al. (2004) have reached the UHP stability field, as suggested by the presence of quartz exsolution in omphacite. However, no UHP minerals have been confirmed.
Analytical procedure
Three circular polished thin sections (2.5 cm in diameter) from the eclogite samples were analysed for electron backscattered diffraction (EBSD) patterns using the scanning electron microscope (SEM) JEOL JSM 5600 at Geosciences Montpellier, Université de Montpellier. Analytical details for the studied samples are shown in Table 2 . The samples were marked with X-direction (lineation) and Z-direction (normal to the foliation), on the basis of apparent elongated directions of omphacite grains. In the analysed samples diffraction patterns for garnet, omphacite, hornblende, actinolite, quartz, muscovite, epidote, rutile, and titanite were determined. All the data were acquired and presented in the form of EBSD maps, and the CPO data were plotted using the MTEX 4.1, an open-source MATLAB toolbox for quantitative texture analysis (Hielscher & Schaeben, 2008) . Detailed analytical procedure, including EBSD measurement parameters, data acquisition and processing, construction of pole figures, are given in Supplementary material (Appendix S1), freely available online at GSW website of the journal, http://eurjmin.geoscienceworld.org/.
The measured CPO in minerals of the peak eclogitefacies stage and the retrograde stage are presented on equal-area, lower-hemisphere projections as pole figures (PFs), in the traditional structural frame (X, lineation; Z, foliation normal; Y, perpendicular to X and Z). The strength of the CPO (scale bar on PFs) is represented by contours in multiples of uniform distribution (mud) with a value of 1 for a uniform distribution. The symmetry of omphacite CPO is shown by the LS-index (one for the endmember L-type, zero for the end-member S-type, and intermediate values for LS-types) introduced by Ulrich & Mainprice (2005) . The PFs of all minerals were characterized by the texture index referred to as PF-J. In addition, the Orientation Distribution Function (ODF) was also calculated, shown as ODF-J. Misorientation along high-and low-angle boundaries, referred to as the boundary misorientation function (BMF), for omphacite and garnet was also constructed using the MTEX (see Appendix S1 for details).
Results
6.1. Fabric of the peak eclogite-facies minerals 6.1.1. Omphacite CPO In the three samples from two types of eclogites, the omphacite CPO (Fig. 4) are characterized by strong concentrations of (010) poles and [001] axes, respectively, normal to the foliation (Z) and parallel to the lineation (X). The {110} poles are concentrated in a girdle perpendicular to the lineation with a maximum density close to the Z-direction. As can be seen in Fig. 4 , omphacite CPO in Sb-1 exhibit stronger concentrations and higher densities compared with those measured in Sb-2 and Sb-2a. We can globally describe the CPO strength by using the ODF-J, where Sb-1, Sb-2, and Sb-2a have values of 2.73, 1.59, and 1.79, respectively (Table 3) . However, both eclogite types generally exhibit similar fabrics for the omphacite. It is interesting to note that the intensity of PF of omphacite in Sb-1 (having higher modal percentage of garnet than omphacite, see Table 1 ) is stronger with a maximum mud (>5) for [001] directions compared with those in Sb-2 and Sb-2a, which have relatively lower mud (up to 3) (Fig. 4) .
Garnet CPO
Garnet CPO from the three samples (Fig. 5) show weak fabric with complex pole figure patterns and relatively low densities never exceeding much above 3 mud. Overall, Sb-1 has lower maximum pole figures densities for {100}, {110}, and {111} poles than Sb-2 and Sb-2a. Generally, the maximum densities are not aligned with structural directions, such as the lineation X, pole to the foliation Z, or the foliation plane XY. The major exception is Sb-2a, which has the maximum density of 2.4 mud of {110} poles exactly parallel to Z and a maximum density of 2.3 mud in 〈111i directions in the XY plane, about 10°from X. The garnet CPO strength is given by ODF-J with values of 1.51, 1.97, and 2.05 for Sb-1, Sb-2, and Sb-2a, respectively (Table 3 ). The results indicate that Sb-2a has strongest CPO but the difference between samples is very small. Garnet in the Sanbagawa Type-I eclogite displays relatively weak fabric having maximum densities of 2.6 to 1.8 mud for 〈111i directions and {110} poles, respectively. Garnet in Type-II eclogite have slightly higher maximum densities of 3.3 to 2.3 mud for 〈111i directions and {110} poles, respectively. Only in Sample Sb-2a, the 〈111i directions are in the foliation (XY) plane with the maximum density (2.3 mud) and the {110} poles maximum are exactly parallel to Z.
Fabric of the post-eclogite facies minerals
Hornblende CPO (Fig. 6) shows that point-maximum for [001] coincides with the point-maximum for [001] in omphacite (Fig. 4) . The CPO have a strong alignment of [001] parallel to structural X-direction (4 mud in Sb-1), with other poles (100), (010), and {110} normal to X with maxima near the XY plane. Samples Sb-2 and Sb-2a have significantly weaker CPO, with a maximum [001] of 1.90 and 1.10 mud, respectively. In the Type-II eclogite, the hornblende CPO are very similar, exhibiting partial girdles for [001] near the XY plane and have the maximum density parallel to X and other poles (100), (010) and {110} maximum near the foliation normal Z. Note that Sb-2 and Sb-2a have significantly weaker and slightly different CPO for omphacite than Sb-1. Actinolite is only present in Type-I eclogite (Sb-1), exhibits similar CPO (Fig. 7) to those of omphacite with a maximum [001] of 4.15 mud, and point maximum for (010) normal to foliation. The actinolite {110} poles have a maximum normal to the lineation X and the pole to the foliation Z whereas omphacite (Fig. 4) {110} poles have a maximum parallel to Z.
Discussion

Analysis of boundary misorientation functions
Crystal preferred orientations in omphacite generally indicate the strain regime of a deformation event (Helmstaedt et al., 1972; van Roermund & Boland, 1981; van Roermund, 1983; Godard & van Roermund, 1995; Abalos, 1997; Bascou et al., 2001 Bascou et al., , 2002 Mauler et al., 2001; Zhang & Green, 2007) . To identify the strain regime and rheological behaviour of omphacite in the Sanbagawa eclogites, which have very coherent and strong CPO patterns in all three samples, we discuss the boundary misorientation. The BMF are shown for low angles (v = 5°, 10°, or 15°), as high-angle grain boundaries are generally accepted to between 10°and 15°, and hence dislocation sub-grain boundaries have lower angles (Fig. 8) . The low-angle boundary misorientation axes for pure tilt and twist boundaries are generally associated with slip systems. For a pure tilt boundary the misorientation axis is given by the cross product for the tilt-axis = [uvw] Â (hkl), where [uvw] is Burgers vector direction of the edge dislocations in tilt-boundary and (hkl) is the slip plane. For a pure twist boundary the misorientation axis was given by the cross product with the twist-axis = (van Roermund & Boland, 1981; van Roermund, 1983; Godard & van Roermund, 1995) or having shown high activity in the VPSC simulations (Bascou et al., 2001 (Bascou et al., , 2002 Ulrich & Mainprice, 2005 In Fig. 8 , the BMF sections have these misorientation axes marked for omphacite. First, we remark that the BMF sections for Sb-1 have a much higher maximum density (>14 mud) than in Sb-2 and Sb-2a (3 mud). For sample Sb-1, at a misorientation of 5°, there are maxima up to 3 mud near the poles (221) Garnet, the first or second most abundant mineral in eclogite, also provides information on the strain regime, especially on the plastic deformation which usually occurs at high temperature (Ando et al., 1993; Mainprice et al., 2004) . Plasticity in garnet in the studied samples would only be expected during the peak eclogite-facies eschweizerbart_xxx metamorphism. We examined the misorientation axes, which are produced by the 〈111i{110} slip system in garnet. For pure tilt dislocation boundary the tilt-axis is ½112 ¼ ½111 Â ð110Þ, and for pure twist dislocation boundary the twist-axis is ½112 ¼ ½111 Â ð110Þ, where [112] and [101] are directions within the fundamental unit triangle for cubic ½m3m symmetry. Figure 9 shows the BMF sections for garnet. The frequency of tilt-boundaries in cubic polycrystals, having random boundaries with an allowed deviation from pure tilt geometry of 1°, exhibit 39.0 % tilt boundaries. For a tolerance of 5°, the tilt can be up to 98.6 % of all boundaries (Morawiec, 2010) . Hence, we can expect near tilt boundaries to be well represented even in the case of random boundary distribution. In Fig. 9 , we find no indication of peak at [112] or [101] . All sections for Sb-1, Sb-2, and Sb-2a at 5°, 10°, and 15°show a broad maximum of about 22 mud at the centre of the diagram and low values (<5 mud) for [112] or [101] . In the studied samples, it is hard to envisage a dominant slip system of 1/2〈111i(110) in garnet as is usually reported from experimentally deformed garnets (e.g., Ando et al., 1993; Karato et al., 1995) . The volume fractions of garnet in Sb-1, Sb-2, and Sb-2a eclogites are 43, 37, and 38 vol%, respectively. In Sb-1, garnet is the most abundant mineral and omphacite is the second. In contrast, in Sb-2, omphacite is the most abundant and garnet second. This means garnet and omphacite were the main load-bearing phases in both eclogite types. However, the preferred orientation of omphacite (Fig. 4) is much stronger than garnet (Fig. 5) , the fabric pattern of garnet being different for the three samples, whereas omphacite in all three samples has an almost identical fabric pattern. The principal glide direction and plane in garnet are 〈111i and {110}; they tend to align with the shear direction and plane, respectively (Mainprice et al., 2004) . Only the Sb-2a (Fig. 5) has the {110} poles with maximum density (mud >2.4) at the expected position of Z normal to the XY foliation, and the 〈111i directions show moderate concentration (mud >2.14) at the expected position of X with maximum concentration in foliation 10°from X of 2.3 mud. However the misorientation analysis in Fig. 9 shows no clear evidence for 〈111i{110} slip in any of the three samples. Two observations suggest that there are some differences between Type-II eclogites Sb-2 and Sb-2a, despite the fact that they come from the same outcrop. First, the garnet CPO are slightly different, Sb-2a has high densities of 〈111i and {110} parallel to X and Z, respectively, whereas Sb-2 does not. Second, the omphacite misorientation plots (Fig. 8) show the presence of the [001] axis in Sb-2a, which is totally absent in Sb-2. Both these observations suggest some degree of heterogeneity in the samples. The observation that Type-I eclogite has a weaker CPO in garnet than those of Type II is probably a more robust result. Omphacite CPO in Type-I eclogite (Sb-1) has an ODF-J of 2.73 mud (Table 3) , which is higher than the ODF-J for Type II (Sb-2: 1.59, and Sb-2a: 1.79), suggesting that high values of ODF-J of omphacite are correlated with low values of ODF-J of garnet. It seems reasonable to conclude that the stress level is significantly above the plastic yield stress for the plastic deformation of omphacite, resulting in the development of strong CPO. In garnet, the stress level is at or below the plastic yield stress, resulting in weak to generally incoherent CPO patterns with respect to the lineation and foliation. The misorientation analysis gives a clear indication that omphacite in Type-I eclogite deformed by [001]{110} and 〈110i{110} slip which are generally considered to be high-temperature systems . The misorientation analysis for Type-II eclogite gives clear [001](100) slip in both samples, but only small activity 〈110i{110} in Sb-2a, and none in Sb-2. It would appear that the deformation in omphacite in Type-II eclogite was characteristic of lower temperature, as the high-temperature 〈110i{110} slip is less active than in Type I.
Deformation regime of the eclogite-facies stage
In the Sanbagawa metamorphic belt several studies provide fabric data, e.g., garnet and clinopyroxene CPO from the Higashi-Akaishi peridotite body (Muramoto et al., 2011) , inclusion-trail geometry of albite in basic schists (Okamoto, 1998) , and misorientation of garnet aggregates in vein in the mafic schists (Okamoto & Michibayashi, 2006) . However, there is no information on the internal fabric of the Sanbagawa eclogites. This
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[112] research provides the first report on the fabric of eclogitefacies and retrograde-stage minerals as well as useful insights into the rheological mineral behaviour during eclogite formation and exhumation. Our results show that no coherent garnet CPO patterns occur in the three samples from the Sanbagawa eclogites and all the garnet fabrics are weak. Further, there is no supporting evidence for activation of the 〈111i{110} slip system in garnet. Thus garnet crystals likely behaved as rigid bodies and are not significantly plastically deformed. Omphacite shows clear evidence of plastic deformation with elongated grain shapes, strong fabrics, and high densities of misorientation in BMF sections. Hence most of the plastic strain in the rock was accommodated by omphacite. The fabric symmetry of omphacite shows an evolution of LS-Index from 0.80, 0.61, and 0.44 in samples Sb-1, Sb-2, and Sb-2a, respectively. This observation suggests a change from axial extension parallel to X for Type-I to either pure or simple shear for Type-II eclogites. There is also a strong contrast between Type-I (Sb-1 ODF-J of 2.73 for Sb-1), and Type-II eclogites (ODF-J of 1.59 for Sb-2 and ODF-J of 1.79 for Sb-2a). The strength of CPO and BMF sections is much higher for Type-I than for Type-II eclogites. The misorientation analysis shows that evidence is stronger for the high-temperature slip systems 〈110i{110} and [001]{110} slip for Type I. In Sb-2 and Sb-2a [001](100) slip appears more dominant, indicating that Type-II eclogites might have been deformed at relatively lower temperature than Type I.
Deformation of the late-stage phases
The CPO patterns in hornblende and actinolite were used to define the rheology in minerals during the retrograde stage. As shown in Figs. 6 and 7 , both of these late-stage phases exhibit identical CPO (i.e., displaying maximum density for [001] parallel to X and girdle for (001) and (110) subnormal to foliation) patterns to those found in omphacite. These features suggest homotactic growth of amphibolite-facies phases (actinolite and hornblende) at the expense of omphacite. Similar results were reported earlier by Engels (1972) , and more recently described by Xu et al. (2015) . However, hornblende in Type-II eclogites display distinct strong girdles aligned along [001] . Similar patterns were recently observed by Ko & Jung (2015) as "type III" from their experimental work on hornblende. They interpreted that the three dominant types of CPO in hornblende form under different temperature and stress conditions (for details see Ko & Jung, 2015) . Grain-size reduction or cataclastic flow (due to faulting) was considered a major factor for this type of deformation in hornblende. We interpret the hornblende CPO in Type-I eclogite with maximum for [001] axes to represent homotactic growth during the early stage of retrogression. In contrast, the CPO in Type-II eclogites, exhibiting a strong girdle with the maximum of [001] axes along X, could have developed by cataclastic deformation related to the E-W-trending horizontal stretching mineral lineation associated with the development of schistosity during the D1 stage of deformation (Hara et al., 1977) in the Sanbagawa metamorphic belt. Our interpretations are supported by the textural features; including development of abundant cracks in major phases and the cataclastic texture, which is severe in Type-II eclogites and less pronounced in Type I.
Types of CPO associated with the deformation regime
There is general agreement that L-type fabric in omphacite develops in the constriction strain regime (Helmstaedt et al., 1972; Abalos, 1997) . Therefore, we conclude that the L-type fabric in omphacite in the Sanbagawa Type-I eclogites (Sb-1) could be related to constriction, parallel to the lineation with LS-index = 0.80. Type-II eclogites (Sb-2 and Sb-2a) have LS-indices of 0.61 and 0.44 that are more compatible with pure or simple shear (see Ulrich & Mainprice, 2005) . The fabric indicating a dominant slip direction along [001] was probably activated within the subduction-related high-stress regime. These results are consistent with the fabric developed in the HigashiAkaishi peridotite massif (Muramoto et al., 2011) . This evidence clearly indicates that the Sanbagawa eclogites experienced the same deformational event as that observed in the Higashi-Akaishi peridotite massif when these lithologies were in the mantle-wedge. The origin for Type-II eclogites was regarded as volcaniclastic material associated with the trench-filled sediments . However, the nearly identical CPO with a progression from L-to LS-type indicates that both eclogite types were deformed at more or less similar depths under a constriction stress regime regardless of what their protolith was.
Conclusions
The CPOs in the Sanbagawa eclogites most likely developed during the peak eclogite-facies metamorphism. The CPO pattern in omphacite in Type-I eclogite is L-type and progressively transforms to LS-type in Type-II eclogites, indicating constriction strain regime for Sb-1, and pure or simple shear for Sb-2 and Sb-2a. Garnet behaved as rigid bodies and shows no significant plastic deformation. Most of the strain was apparently accommodated by omphacite. The CPOs of retrograde-stage minerals (e.g., hornblende and actinolite) indicate at least two stages of their formation. Those similar to that observed in omphacite with maximum density of [001] axes aligned sub-parallel to lineation suggest that their development was due to homotactic growth by the replacement of omphacite. In contrast, those showing a strong girdle along [001], suggest late-stage deformation, probably related to the D1 stage reported for the Sanbagawa metamorphic belt. These results are consistent with the petrographic observations where sub-rounded grains of hornblende are found around garnet and omphacite porphyroblasts.
